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Remote Hearing Test 
Zezhang Hou 

Abstract 

An invention for testing hearing loss over the modem communication media suc^ as Internet and telephone 
networks described. 

Introduction 

About 10% of human population experience some degree of hearing loss. Only 25% of those who have 
hearing loss wear hearing aids. The stigma, cost, and availability have been considered as the major factors 
for preventing the wide use of the hearing aids. Many people don*t want to wear hearing aids because they 
see the hearing aid as a symbol of disability. For people v^iio can overcome Ae stigma obstacle, cost may be 
a big issue. Conventionally, one has to go toough a series of tests before getting his inqjaired ear(s) fitted 
with hearing aids. These tests and hearing aids together usually cost much more than a TV with premium 
quality. Yet, many other people don't know they have hearing loss although tfiey may experience some 
difficulties in hearing. They don't know because they may be reluctant to spend time and money to have 
their hearing checked. In many countries including US hearing specialists such as audiologists perform 
diagnosis of hearing loss. Some other people may clearly know they has hearing loss but are not able to get 
help because a hearing specialist's office is too fiar from his home or they may sinq>ly don't know where to 
get helps. This problem is very common in many developing countries. 

In most developed countries, hearing loss is diagnosed using an a special equipment called audiometer. 
Typically, a patient must visit a hearing ^ecialist's office or an ENT doctor's office to do the test. If a 
hearing loss is diagnosed, the specialists or doctor wills council the patient to consider usmg hearing aid. If 
the patient choose to get one, the specialist or doctor has to spend additional time to fit the hearing aid for 
the patient All these services are expensive if they are not covered by insurance or government, as it the 
case for most patients in US. 

When testing hearing loss using an audiometer, a calibrated pure tone signal wiH be presented to patient via 
a transducer sue* as headphone, insert earphone, or loud speaker to one of the patient's two ears. If tiie 
patient hears the tone, the level of the tone will be reduced and presented to the patient again. If the patient 
can not hear the tone, the level of the tone will be decreased and presented to patient again. This procedure 
will repeat many times until certain number of reversals from decreasing the tone to increasing die tone is 
reached. Hearing threshold of the patient is defined as the signal level at which the patient can hear the tone 
50% percent of the times the tone is presented. This threshold can be derived frt)m die reversal levels. For 
each ear, the above procedure is usually repeated at 125, 250, 500, 1000, 2000, 4000, and 8000 Hz. If the 
difference of the toesholds at the two adjacent frequencies exceeds a critical value (e.g., 20 dB) an 
additional test is done at a middle frequency. This rule applies for frequencies from 500 to 8000. Therefore, 
the maximum number of testing frequencies is usually 1 1 (125, 250, 500, 750, 1500. 2000, 3000, 4000. 
6000, and 8000 Hz). 

In order for the test results to be meaningful, the testing system must be calibrated. In other words, we must 
know the relationship between the electrical settings in the system and the acoustical pressure to be 
delivered to subjects. The components affecting the calibration inchiding, but not limited to, electrical 
system that generates the stimuli and hstening syst^a (transducer) that converts electrical signal into 
acoustic pressure. The problem is conq)licated by the fact that sound level measured at the eardram of 
human varies from person to person even it is deUvered with the same system and setting. Because of this, a 
testing system is usually calibrated using a special coupler for which a reference hearing level of normal 
listeners has been established. For example, the audiometer with an insertion earphone is usually calibrated 
in a 2cc coupler. When listeners with normal hearing listen to pure tones through an insertion earphone, the 
sound levels, as measured in the 2cc coupler, of the pure tones need to be set to the followings for the 
sounds to be just audible: 
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The above levels are called noimal reference levels of the insertion earphone in the 2cc collier. The 
reference levels vary for different transducers as well as different couplers. 

Hearing threshold' for a patient is usually e^qiressed in dB HL, which is a relative level in reference to the 
normal reference levels. The reference levels should have been established for tiie system and transducer 
gi used in the test For example, the nonnal ref»ehce level for an insertion earphone is 7 dB SPL at IkHz as 

r J measured in a 2cc coupler. If the hearing level for a patient is 47 dB SPL at the same frequency as measured 

s„i in the same 2 cc coupler, the hearing loss for tibe patient is 47-7 = 40 dB HL, For most commercial 

audiometers, the normal reference levels are built in the machine, and the signal level presented to patient is 
i^j automatically expressed in dB HL. There are two advantages by doing this. The first one is ttiat users don*t 

have to make additional calculation and the second is tiiat the threshold is already in dB HL which in 
independent of transducer used' in Ae test 



While testing hearing loss using an audiometer has had a long history, no one has ever tried to test hearing 
using an electronic netwoik such as telephone or Internet system. In feet, it has been thought impossible 
because commercial telephone or personal computers used for the Internet are not calibrated, which is 
critical for the test to be meaningful. An innovative methods are clearly needed. 
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% Summary of the invention 

^: This invention provides a mediod for testing hearing over an electrical or communication network such as 

^"^^ telephone or Internet system. No special setup other than standard netwoik access equipment such as 

telephone or con4}uter is reqiiired. No special engineering calibration is needed for the testing system. With 
this method, a \iser can get his/her hearing checked tested at a place such as home, other than hearing 
specialist or doctor's office. 

The key element of the invention is that the reference threshold level for the hearing testing system is 
established using one or a few subjects whose hearing are known or normal. The procedure for establishing 
the reference is part of the testing, as opposed the conventional method in which the reference is established 
by manufectures or standard committees when the systems are built \xp. The testing for establishing the 
reference can be done either before or after the target subject is tested. The hearing thresholds for the tai^get 
subject is determined, firom the difiGsrences of the hearing levels as measured by the underiining test system 
between the target subject and the reference subject(s), plus the hearing threshold of the reference 
subject(s). If the reference subject(s) has(ve) normal hearing, the difference is the hearing threshold of the 
target subject. 

Figures 1 and 2 show how a hearing loss can be tested via a Web page on the Intemet. A hearing test starts 
with a click on "Start" and then proceeds with clicks of ••RespYes" or *TlespNo" depending on if the 
listener hears the presented sound or not The test is firstly done for a reference subject (Figure 1) and tiien 
for patient subject (Figure 2). The results for the reference subject are shown on the row labeled as 
*Tleference (dB)" and results for the patiait subject are shown on the rows labeled as "Threshold (Left, dB 
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HL)" or "Threshold (Right, dB HL)". A test can be a reference test or diagnostic test depending on which 
radio button, "Reference" or " Subject", is checked. 

In one preferred embodiment, the hearing test is done via Internet A testing program is stored in an center 
computer of a company and can be accessed by users visiting the company's Web Page or log^g in onto 
the center computer. A user can either run tiie program off tiie center computer or download the program 
into his/her local con^uter and run Ae program off the local madiine. In eithw case, the program will 
generate sounds off the local machine that will present the sounds to the patient ear(s) via either earphone or 
loud speaker. The program will be able to decrease or increase the sound level based on user's re^onse to 
flie previously presented sound. The sound could be pure tone or pulsed pure tcme at any frequency, could 
be noise or noise burst with any center frequency. A test session involves at least two people. Results for at 
least one person \^ose hearing is known (or known as having a normal hearing level) are used as the 
reference. The hearing levels of the tai^et subject(s) in relative to the reference define the target subject(s) 
hearing loss. The advantage of introducing the reference test is that the testing system does not have to be 
calibrated, which is actually impossible if the test system involves Intonet, and that users don't have to buy 
any additional hardware. The only requirements for such a test are tiiat users have a computer with a sound 
card and a headset earphone, and are able to establish tiie communication between his computer and Ae 
center computer. 

In another preferred embodiment, the hearing test is done via Telephone system. A testing program is stored 
in a machine or a center computer owned by a company and users can access the program through 
telephone line. Users call Ae center machine or computer and optionally iiq)ut some information to activate 
flie program. The program will generate sounds off the center machine and present the sounds to die user's 
ear(s) via patient telephone. The program will be able to decrease or increase the sound level based on 
patient's response to the previously pres«ited sound. Hie sound could be pure tone or pulsed pure tone at 
any frequency, could be noise or noise burst with any center frequency. A test session involves at least two 
people. Results for at least one person whose hearing is known (or known as having a normal hearing level) 
are used as the reference. The hearing levels of the target subject(s) in relative to the reference define the 
ta^et subject(s) hearing loss. The advantage of introducing the reference test is that the testing system does 
not have to be calibrated, which is actually impossible if the test system involves telephone line, and that 
users don't have to buy any additional hardware. The only requirements for such test are Aat the user has a 
telephone with a sound deliver system such as handset, and is able to activate the program in the center 
machine through his telephone. 

In another preferred embodiment, tiie reference is established once and used for many test sessions until the 
hardware settmgs of the test syston are changed. Change of the volume wheel on a speaker, headphone, 
telephone, or other transducers, change of computer hardware, telephone line, or telephone set, and etc. are 
regarded as the change of hardware setting and a new reference must be established for the new setting. 



Claims: 

We claim: 

1. A method of doing hearing test via a commxmicatian network involves: 

■ Finding reference hearing threshold levels at a plural of frequencies for one or a phffal of 
reference listeners; 

■ Without changing the hardware settings of tfie test system, finding target heanng threshold 
levels at a plural of frequencies for one or a phiral of target listeners; 

- Determine hearing losses at a plural of frequencies for the target listeners from the reference 
hearing threshold levels and the tai^et hearing threshold levels. 

2. The method within claim 1 , whereas the communication network is Internet; 

3. The method within claim 1, whereas die communication network is Telephone network; 

4. The method within claim 1 , \^CTeas the communication network is cable television network; 

5. The method within claim 1 , whereas the communication network is wireless television network; 

6. The method widiin claim 1 , whereas the communication network is Web TV network; 
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7 The method within claim 1 , v^diereas the reference Ustener or listeners have normal hearing. 

8 TTie method within claim l. vvhweas the hearing losses forthe reference listener or listeners are to wn. 

9 The method within claim 1. whereas the reference hearing threshold levels are obtained by combming 
the individual hearing threshold levels for one or a plmal of listeners whose hearing are known or vrtio 

have normal hearing. 

10. The method within claim 9, viiereas the reference hearing threshold levels are further corrected usmg 

the known hearing losses of the reference listeners 
11 The method within claim l,\^ereas the hearing tiireshold levels are in a decibels 

12. The method wifliin claim 11, whereas the reference number of the decibel scale is an aibitrary number. 
13 The method within claim 11, whereas the reference number offhe decibel scale IS a fixed number. 

14. The method within claim 1, whereas the hearing threshold levels are in a scale proportional to decibeL 

15. The method within claim 14, whereas tiie ref^ence number of the scale is an aibitraiy number. 
16 The method wi&in claim 14, whereas Ihe reference number ofthe scale is a fixed numbCT^ 

17. The method within claim 1, whweas the hearing Areshold levels are in a scale proportional to voltage; 

is: The method within claim 1, v^^ercas tiie reference hearmg threshold levels are found first. 

19 The method Within claim 1, viiiereas the target hearing tiirediold levels are found first 

20 The method within claim 1, whereas the hearing losses for each target listers are determined by 
subtracting the reference hearing threshold levels m decibels from the tafget hearing threshold levels m 
decibels for the same target listener. ^ ^ ^ i. . i <- 

2 1 . The method wi^ claim 20, whereas tiie hearing losses are further corrected by the hearmg losses ot 
the reference listeners. . . 

22 The method within claim 1, whereas the hearmg losses for each target bstener arc obtamed dividmg the 
target hearing Arcshold levels for the same target listener by the reference hearing toeshold level, 

23. The meAod within claim 22, whereas the hearing losses for each target listener are further corrected by 
the known hearing losses of the reference listeners. 

24. A method of doing hearing test via a communication netwoik: 

The program for controlling the test is located in a central machine m a central office. 
25 Amethodwithinclaim24, whereas die program is run directly off the central naachine. 

26. A metiiod within claim 24, whereas die program is downloaded from die central machme mto a local 
machine and run from the local machine. 

27. A method within claim 24, whereas the central machine is a computer. 
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Figure 1. Hearing test via Internet. Step 1: Establish reference hearing levels for the testing computer using 
a normal hearing subject. 
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fK 2. Hearing t^'^^a fote^^ Step 2: Find hearing loss lor me patient subject 
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